Background: Due to a growing reliance on mobile phone technology and decreasing mobile phone costs, the use of mobile phones is on the rise, especially among the youth population. Young people are responsive and enthusiastic to use novel approaches such as mHealth to access sexual and reproductive health information and services. Globally, reproductive health programs have used mHealth to provide sexual and reproductive health education and services to young people, through diverse communication channels. However, few attempts have been made to systematically review the mHealth programs for young people sexual and reproductive health (SRH) in low-and middle-income countries (LMICs). In addition, very little is known regarding the potential barriers and facilitators to the uptake of mobile phone interventions for improving young people SRH. This review aims to highlight facilitators and inhibitors to implementing and increasing uptake of mHealth interventions for young people's SRH, in LMICs specifically. Additionally, the review will identify the range of mHealth solutions which can be used for improving young people's SRH in LMICs. Methods: The review will focus on comparing the various types of mHealth interventions/strategies that are used to improve young people's SRH services in LMICs. PubMed, CINAHL Plus, Science Direct, Cochrane, and gray literature will be explored using a detailed search strategy. The studies involving young people (adolescents and youth) aged 10-24 years to which mHealth interventions were delivered for improving their SRH outcomes will be included in this review. LMICs will be selected according to the World Bank's (WB) 2018 Country Classification list. Studies published between January 2005 and March 2018 will be included as the field of mHealth has emerged over the last decade. English language articles will be included as the authors are proficient in this language.
Background
Globally, a large number of young people are sexually active; the proportion of sexual activity differs substantially by region and gender [1] . More boys are sexually active than girls, in the Latin America and Caribbean region, where as girls are more sexually active in sub-Saharan African, Asian, and Central Asian regions [1] . Additionally, the proportion of sexual activity is increasing gradually from middle to late adolescent years [1, 2] . The early sexual debut results in unintended pregnancies and early childbearing and increases the risk of sexually transmitted infections (STIs) [3] . In developing countries, around 19% of girls become pregnant before age 18 and the adolescent birth rate is about 95% [3, 4] . In LMICs, most young people have very limited or no access to sexual and reproductive health (SRH) education and services, largely due to a lack of awareness, social stigma, policies and procedures inhibiting provision of contraception and abortion services to girls, and the judgmental attitudes of healthcare professionals [3, 5] . Thus, young people have special SRH education needs that remain unmet and to address these specific SRH needs, the use of innovative and novel approaches are required to ensure access to safe, effective, affordable, and acceptable SRH services [5] .
Mobile health (mHealth) is defined as a "medical and public health practice supported by mobile devices, such as mobile phones, patient monitoring devices, personal digital assistants (PDAs), and other wireless devices" [6] . mHealth's approach is increasingly being used in healthcare delivery. mHealth involves the use of mobile technologies and multimedia tools to support the accomplishment of health goals [7] . Many LMICs with restricted internet or print resources have attained a substantial level of cell phone penetration [8] . According to the International Telecommunication Union's (ITU) 2016 report, globally, the total number of cell phone subscriptions has reached 5 billion people, and this number is likely to increase and surpass the world population in upcoming years due to growing reliance on mobile phone technology and decreasing mobile phone costs [9, 10] . In LMICs, cell phone penetration has surpassed over 90% in recent years [11] . On account of rapid expansion of mobile phone penetration and ownership in LMICs, the novel field of mHealth has gained much progress and it is being used rapidly in hundreds of diverse health-related projects [7] .
The increased mobile phone penetration has led to a rise in mobile phone use, especially among the young population in LMICs [12, 13] . A survey was conducted in 24 developing nations to assess cell phone ownership. The survey report revealed that more than half of the population in each of the countries surveyed confirms that they own a cell phone. Moreover, a median of 78% of cell phone users across the 24 nations use short messaging service (SMS), making it the most popular communication method [14] . SMS is also reported to be the most common method of communication among African cell phone owners aged 18-34 years [15] .
Young people are responsive and enthusiastic to use new innovative technologies such as mHealth to address barriers to receiving SRH information and services [16, 17] . The mHealth technology can help overcome most of the barriers including provider prejudice, stigmatization, discrimination, fear of refusal, lack of privacy and confidentiality, embarrassment in seeking SRH education and services on highly sensitive topics, cost prohibitions, and transportation challenges by providing safe, accurate, cost-effective, timely, and tailored young people's SRH services [18] . More importantly, mHealth offers privacy, convenience, and easy access in contrast to face-face consultations with healthcare professionals, which eventually addresses the barriers of stigmatization and embarrassment in receiving tailored SRH services [19] . Worldwide, diverse mHealth solutions have been used to connect the young population to SRH information and services [20] . In LMICs, mHealth technology can be used to reach out to the youth population and to engage them to provide acceptable, safe, cost-effective, and accurate SRH services [18, 21] .
The perceived benefits of mobile phone-based health interventions carry a great potential for improving young people's SRH outcomes in LMICs. In an effort to tap into the potential of mHealth for young people SRH services, there has been an increase in the amount of research in recent years; while published studies from high-income countries (HIC) on mHealth interventions for young people SRH are growing, gaps in evidence exist related to mHealth for young people's SRH in LMICs. In previous studies, attempts have been made to review the mHealth programs for young people's SRH using the mHealthevidence.org website and through a global call for collecting information on mHealth interventions [22, 23] . A systematic review by L'Engle and colleagues assessed strategies on using mHealth to improve young people's SRH by using the mHealth evidence reporting and assessment (mERA) checklist; although only three out of the 35 articles included in the review were related to LMICs, the small number of articles reflected the lack of literature from LMICs [22] . Another review by Ippoliti & L'Engle summarized 17 projects which involved mHealth interventions to improve young people's SRH in LMICs, through the aforementioned global call for information. Both of these reviews included evidence regarding the use of mHealth for improving young people's SRH. However, very little is known regarding the potential barriers and facilitators to the uptake of mobile phone interventions for improving young people's SRH. This systematic review aims to highlight potential barriers and facilitators to the uptake of mHealth interventions for young people's SRH, particularly in LMICs. Additionally, the review will compare the range of mHealth solutions which can be used for improving young people SRH.
Methods
Labrique and colleagues identified 12 mHealth applications to respond to various health issues [24] . Few healthcare programs involve one application, while others may include two or more mHealth applications for addressing a particular health issue. The classification of 12 mHealth applications as per Labrique and colleagues is illustrated in Table 1 . The same framework will be used to categorize the range of mHealth interventions which can be used to improve young people SRH.
The protocol has been designed and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses Protocols (PRISMA-P) checklist [25] (Fig. 1) . The review protocol has been registered in the International Prospective Register for Systematic Reviews (PROSPERO) CRD42018087585 on Feb 5, 2018. The review will focus on examining the barriers and facilitators to implementation of mHealth programs for young people SRH in LMICs. Additionally, this review will help the research community in making decisions, regarding new methodologies and mobile phone interventions to be used to encourage the youth population to seek SRH information and services.
Eligibility criteria
The studies involving young people (adolescents and youth) aged 10-24 years to which mHealth interventions were delivered for improving their SRH outcomes will be included in this review. LMICs will be selected according to the World Bank's (WB) 2018 Country Classification list [26] . Issues concerning the use of mobile phones for young people SRH are common across many lower-middle-income economies [23] ; thus these studies are more comparable than those led in HIC. Those studies will be included that have defined the use of mobile phone to improve young people's SRH services and included behavior-, health-, and education and awarenessrelated outcomes from the mobile-based health interventions. Additionally, studies will be included that have identified common barriers and facilitators for implementation of mHealth interventions for young people's SRH. For young people's SRH outcomes, the review will use the United Nations Population Fund (UNPF) explanation which states that "Providing access to comprehensive sexuality education; services to prevent, diagnose and treat STIs; and counseling on family planning". The UNPF also advocates that young people should be empowered so that they know their rights-including the right to delay marriage and the right to refuse unwanted sexual advances. Randomized controlled trials (RCTs), non-randomized studies, preand post-test designs, non-experiment observational (cross-sectional, case-series, case studies), and qualitative papers will be included in this review. Studies published between January 2005 and March 2018 will be included as the field of mHealth has emerged over the last decade. English language articles only will be included as the authors are proficient in this Language. Commentaries, editorials, symposium proceedings, and systematic reviews will be excluded in this review. The inclusion and exclusion criterion is illustrated in Table 1 .
Information sources and search strategy
An electronic systematic literature search will be carried out to explore the role of mobile health technology in improving young people SRH, particularly in LMICs. Although, there are a large number of databases on this pertinent topic; however, we will search four electronic databases including PubMed, CINAHL Plus, Science Direct, and Cochrane as they are generally considered large databases for systematic reviews. These databases will be explored using a detailed search strategy. Additionally, gray literature (non-published, internal, or non-reviewed papers, repositories) will also be explored as it is an important source for mHealth evaluations carried out in LMICs. The reference list of included records will also be appraised to identify relevant articles. Moreover, the reference lists of identified systematic reviews will also be reviewed to see if references include pertinent studies that might be included for review. The databases will be searched by two researchers independently. The search terms will be grouped under five major Additionally, indexed keywords in the Medical Subject Headings (MeSH) will be used in order to ensure uniform search terms. The search strategy will be piloted to ensure sufficient specificity and sensitivity. The preliminary search strategy is illustrated in Table 2 .
Study selection
Citation management system (Endnote software) will be used to manage the records exported from all the electronic databases [27] . In the first step, all the studies will be screened by study titles using the Endnote software.
The shortlisted studies will then be screened by study abstracts. Lastly, the full text of selected studies will be retrieved and screened against the eligibility criteria. In order to ensure the reliability of screening articles among the two reviewers, a pre-defined screening form will be developed and pilot testing will be conducted as per the eligibility criteria. Both reviewers will describe outcome measures after reviewing the studies to verify the relevance of the articles. Strong justifications for excluding studies will be provided by each reviewer. Any disagreement between the two reviewers will be resolved by a third reviewer in a consensus meeting. The third reviewer will be consulted to make the final decision about whether the study meets the eligibility criteria for inclusion. The PRISMA flow diagram will be used to report the study selection process.
Data collection process
A customized data extraction sheet will be filled by two independent reviewers (AF, FA) for the eligible studies. Data extraction tables of both reviewers will be matched to ensure that all key findings are included in the systematic review. A third evaluator will be involved, if discordant information is observed during the data extraction process. The preliminary data extraction table is illustrated in Additional file 1: Table S1 . The data extraction sheet will be pilot tested before initiating the data extraction process. Alongside, existing studies on this research area have been reviewed to determine items of the data extraction form. The items included in the preliminary data extraction form include the title of the article, author, publication date, country of study, date of extraction, reviewer name, purpose/aim of the study, study type, study population, type of mHealth intervention used, study outcomes-improvement in young people's SRH services, study limitations, included/excluded, reason for exclusion, and quality appraisal of included studies. The summary of included studies on mHealth interventions to improve young people's SRH will also be provided in the main results paper.
Quality assessment of included studies
To assess the methodological quality of the included studies, standardized quality assessment tools will be utilized. To evaluate the risk of bias in RCTs, The Cochrane Collaboration's tool will be used [28] . This tool helps assess seven specific domains, namely sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective outcome reporting, and other potential threats to the study's validity. The tool is divided in to two parts. The first part of the tool outlines what was reported in the study in sufficient detail to support a judgment regarding the risk of bias. The second part of the tool gives a judgment relating to the risk of bias. This is achieved by assigning a judgment of "low risk," "high risk," or "unclear risk." For this tool, a low risk of bias is the best possible rank representing a higher quality of study. The methodological quality of non-randomized studies will be examined through the ROBINS-I tool [29] . This tool is used to evaluate various aspects of methodological quality such as participant selection, measurement of intervention, variations from intended interventions, missing data, measurement in outcomes, and selection of the reported result. Each study will be rated as critical, serious, moderate, or low risk of bias based on a judgment of the collected information. If there are inadequate details, the risk of bias will be classified as "no information" or the corresponding study authors will be contacted for further information. Two reviewers (AF, FA) will independently assess the risk of bias of the included studies. If a disagreement occurs between the two reviewers, a third reviewer will be consulted (RN). Data on the risk of bias will be provided in an additional table for all the included studies.
Synthesis of included studies
First, the findings of the review will be synthesized narratively. Initially, we will perform a descriptive analysis of all the final included studies to record their main characteristics such as study title, authors, publication year, study aim, study methods, sampling strategy, characteristics of study participants, types of SRH interventions, and study outcomes. Then, narrative synthesis will be carried in which final studies will be grouped under main mHealth applications, as defined in the Labrique and colleagues framework. The framework will be adapted based on the emerging themes. This process is usually used to identify main themes from qualitative and quantitative studies. Firstly, the two independent reviewers (AF, FA) will read each included study several times to extract data and group-related results. Later, the reviewers will record analytical interpretations of findings to capture emerging themes. Finally, the reviewers will highlight potential facilitators and inhibitors to the uptake of mHealth interventions for young people SRH in LMICs [30] .
For the quantitative studies, we will conduct a sub-group analysis under different categories including barriers, facilitators and interventions. Under these categories, measures of associations such as odds ratios, relative risks, and prevalence ratios will be synthesized and reported for associations between barriers, facilitators, and interventions with proposed study outcome of sexual and reproductive health of youngsters. Moreover, we will also provide a narrative of confounders or effect modifiers being adjusted in different quantitative studies to highlight the importance of independent barriers, facilitators, and interventions important to improve the sexual and reproductive health of young people.
Discussion
A more comprehensive understanding of the role of mobile phones for improving young people SRH is required, especially in LMICs. The protocol will lead to a systematic review which synthesizes evidence on the types of mHealth interventions used at different levels of the health care system to provide SRH education and services to young people in urban and rural communities of LMICs. The review will increase our understanding on how mHealth interventions targeted to the youth population help overcome barriers of provider prejudice, stigmatization, discrimination, fear of refusal, lack of privacy and confidentiality, cost prohibitions, and transportation challenges. Systematic review findings will be made publicly available. The results of the review will be disseminated through presentations and peer-reviewed publications.
